
   

UNDERGROUND RESEARCH LABORATORIES (URLs)
AND GEOLOGICAL DISPOSAL 
OF RADIOACTIVE WASTE

F inal disposal in engineered repositories built deep underground in stable geological formations 
with low groundwater flow is the ultimate end-point for managing long-lived highly 

radioactive waste. Underground research laboratories (URLs) provide a realistic environment for 
characterizing the selected geological settings, testing the relevant engineering solutions and 
materials, and demonstrating the feasibility of disposal to a wide range of stakeholders.

A geological repository is a unique nuclear facility

What is an underground research laboratory?

Types of URLs

Geological disposal refers to the emplacement of solid radioac-
tive waste in a facility constructed at several hundred meters 
depth in a geological formation that is carefully selected to be 
stable and low groundwater flow.  Great care is exercised in 
characterizing the site, and in excavating, constructing and op-
erating the repository so that perturbations - thermal, chemical, 
hydrogeological and mechanical - to the initial state of the host 
environment are minimized.  Great care is also taken in seal-
ing all excavated conduits to the surface environment as well as 
from one repository chamber to another so that water ingress 

and movement are minimized.  Finally, all engineered barriers 
are conceived to be compatible with the host geology provid-
ing multiple and redundant safety functions from the man-made 
and the natural barrier.  Overall, the repository is conceived and 
licensed as a nuclear facility and must adhere to the highest 
quality requirements and safety of operation. Final reliance on 
passive safety, much beyond the actual operation of the facility, 
is an important distinguishing feature of a geological repository. 
URLs are needed to help develop such unique and high techno-
logical facilities.

A URL is an underground facility for acquiring expertise to develop 
a nuclear waste repository. URLs are located in geological environ-
ments that are suitable for repository implementation or that of-
fer realistic representations of those environments. They are con-
structed at depth of a few hundred meters or may be closer to the 
surface.  URLs allow for building technical teams that integrate a 

wide range of scientific disciplines and for gaining practical experi-
ence in obtaining geological data, testing the relevant engineering 
solutions and materials in a manner that is transferable to actual re-
pository operation and to the safety analyses. They also provide for 
a concrete illustration of what a geological repository may look like 
and contribute to confidence building also by the general public.

Two broad categories of URLs may be distinguished: 
generic URLs and site specific URLs. 

§ Generic URLs offer a geological environment for ex-
perimentation but not necessarily one that closely mim-
ics the final repository. They help create generic expertise 
for working and acquiring technical data in an under-
ground environment. Early generic URLs were sometimes 
created in pre-existing mines: the Stripa mine in granitic 
rock (1976-1992), in Sweden; the Tono mine in sedimen-
tary rock (1986-2004), in Japan. In Switzerland and France, 
generic URLs have been built near tunnels: at Grimsel in 
granitic rock (1984), at Mont Terri in hard clay (1995), at 
Tournemire in hard clay (1992). Others have been purpose-
built at depth: Whiteshell in granitic rock (1982-2010), in 
Canada; HADES in a soft clay formation (1980), in Belgium, 
and, more recently, Mizunami in granitic rock (2003) and 
Horonobe in sedimentary rock (2005), in Japan, and KURT 
in granitic rock (2006), in Korea. 

For additional information please consult our web site: www.oecd-nea.org/rwm/igsc.html
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Construction and operation of URL facilities is expensive and so is 
carrying out research activities underground. Costs vary on several 
factors such as the depth and characteristics of the formation, the 
footprint of the URL and the types of R&D activities carried out. The 
construction cost of the Meuse/Haute-Marne URL at 570 metre 
depth in hard clay was 280 M€. In 2011 the facility reported an 
operating cost of 60 M€ per year including the costs of the R&D 
programme. The fact that URLs are so widely implemented despite 

their high costs is an indication of their value to national disposal 
programmes. In some countries, development of URLs is required 
by law (e. g., France). Other countries may prefer to collaborate 
with programmes in foreign URLs at least at the earlier stages in 
their national final disposal programme for cost sharing. For this 
reason, many URLs include multinational research programmes. 
Some URLs are part of an international training network operated 
by the International Atomic Energy Agency.

§ Site-specific URLs are built in the same formation as the 
planned repository or in one that that closely mimicks the 
characteristics of the one of the final repository. They allow 
the specialization of the expertise in testing procedures and 
in obtaining data under conditions that are relevant to the 
performance of the final repository.  Examples include: in the 
USA, WIPP in bedded salt (1982) and Yucca Mountain in tuff 
(1996-2009); in Germany, Gorleben in a salt dome (1990); in 
Sweden, Äspö in granitic rock (1995); in Finland, Onkalo in 

granitic rock (2004); and in France, the Meuse/Haute-Marne 
URL in hard clay (2004). In most cases, site specific URLs are 
seen as the precursors or the initial stage of developing a 
repository in the same geological formation. Äspö is the no-
table exception.
In the future, new types of site-specific URLs may be devel-
oped. That is, instrumented facilities at repository level repro-
ducing parts of the repository for performance confirmation 
purposes.

nuclear waste repositories take decades to develop. underground research laboratories (urls) are necessary for 
acquiring the technical information and management expertise to allow progressing from one repository stage to 
another. urls are located in geological environments that are suitable for repository implementation or that offer 
realistic reproduction of those environments. they may be constructed at a depth of a few hundred meters or also 
closer to the surface. there is now over 30 years experience worldwide in constructing and utilizing urls. generic 
urls help create expertise for acquiring technical data in a geological environment. they are an excellent venue 
for international cooperation. site-specific urls help create expertise and acquire both technical and operational 
data that are useful in showing the safety and feasibility of a repository in the same formation or in a formation 
that closely mimicks it. major efforts are now directed towards large scale, realistic, integrated experiments in 
which a number of interacting components and/or processes are simultaneously studied. urls are an important 
venue for building technical teams that integrate a wide range of scientific disciplines and for gaining practical 
experience. they also provide a visual example of what a geological repository may look like and contribute to 
confidence building by the general public. 

Example of activities at URLs   

Generic URLs: Typical research and development activi-
ties conducted in generic URLs include: (i) development 
and testing of methodologies for characterizing the rock 
formation; (ii) techniques for excavation, construction, em-
placement, and closure techniques; as well as monitoring 
of disturbances; (iii) experiments for understanding coupled 
thermal-hydraulic-mechanical-chemical  processes; (iv) cor-
rosion and radionuclide migration processes; (v) large scale 
experiments  demonstrating the performance of engineered 
barrier systems at full scale (e.g  FEBEX at Grimsel and EB 
at Mont Terri);  (vi) drifts and shaft sealing tests; and (vii) 
development of monitoring techniques (e.g. the international 
programmes ESDRED and MoDeRn). 

Site-specific URLs: similar activities are undertaken as 
those in generic URLs, but can go further and examine ac-

tual properties of the site and demonstrate feasibility, e.g., of 
technologies for construction, waste emplacement, operation 
and closure of the repository. Thus, at Äspö, Onkalo, and at 
the Meuse/Haute-Marne, prototype experiments are conduct-
ed such as tests of installation and performance of seals and 
plugs, and studies of the impact of excavation techniques on 
the extent of the disturbed zone. At the Meuse/Haute-Marne 
demonstrations of galleries lining methods in hard clay are 
also performed in preparation of repository construction in 
the same geological formation. ONKALO, which is a precursor 
of the final repository, has allowed data taking on excavation 
techniques and hydro-geological disturbances during excava-
tion of the repository.  

Recent and current research activities carried out at the URLs 
are often described in details on their web sites.
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